Bovine leukemia virus (BLV) belongs to the genus, *Deltaretrovirus* of the family, *Retroviridae* that is the causative agent of enzootic bovine leukosis. Most BLV-infected animals are asymptomatic virus carriers. Only 30--70% of the infected cattle develop persistent lymphocytosis and 0.1--10% of them develop tumors \[[@r7], [@r30]\].

BLV infection has been reported to occur worldwide in cattle populations and the prevalence of infection varies among and within countries \[[@r33], [@r38]\]. Moreover, BLV infection causes serious economic damage to the livestock industry due to the decrease in milk production, reproduction rates, shortening cow longevity and increase heifer replacement costs \[[@r3], [@r35], [@r36]\]. Therefore, the majority of the western European countries, Australia and New Zealand established eradication programs and control measurement resulting in BLV infection rates negligible \[[@r1], [@r15], [@r22], [@r27], [@r33]\]. However, most countries are still confronting the burden of BLV infection. Across Asian countries, BLV infection rate remains a wide range from 3.9% to 70% among Japan \[[@r29]\], Korea \[[@r19]\], China \[[@r42], [@r43]\], Taiwan \[[@r41]\], Thailand \[[@r20]\], Philippines \[[@r32]\], Cambodia \[[@r24]\], Mongolia \[[@r28]\], Myanmar \[[@r31]\], and Vietnam \[[@r9]\].

The BLV genome consists of *gag*, *pro*, *pol*, and *env* gene, which encode structural proteins and enzymes, the regulatory genes *tax* and *rex*, and the accessory genes *R3* and *G4*, and two identical long terminal repeats \[[@r40]\]. The *env* gene encodes the envelope protein complex composing gp51 surface glycoprotein (SU) and gp30 transmembrane (TM) protein. As the env-gp51 plays an essential and indispensable role for viral life cycle and viral infectivity, such as cell entry and production of neutralizing antibodies \[[@r17], [@r21]\], the *env-gp51* gene had been widely become a target gene for diagnosis, molecular characterization and genotyping of BLV \[[@r12], [@r19], [@r20], [@r32], [@r34], [@r43]\]. Based on the analysis of *gp51* gene sequences, Rodriguez *et al.* demonstrated that BLV strains can be classified into 7 distinct genotypes \[[@r39]\]. Subsequently, on the basis of phylogenetic analysis of *gp51* gene sequences, a study reported the existence of genotype 8 in BLV samples from Croatia \[[@r2]\]. The novel genotypes, genotypes 9 and genotype 10 were confirmed in Bolivia \[[@r34]\], Thailand \[[@r20]\] and Myanmar \[[@r31]\]. Finally, in 2019, the newest BLV genotype, genotype 11 was discovered in China \[[@r43]\].

The studies related to BLV have been increasing worldwide, however, few have attempted to conduct serological and genotyping studies of BLV infection in Vietnam. Therefore, this study aims to determine the prevalence of BLV in Vietnam by enzyme-linked immunosorbent assay (ELISA) and polymerase chain reaction (PCR). Furthermore, we have aimed to reveal the sequence variability of Vietnamese BLV strains by performing DNA sequencing and phylogenetic analysis of both partial and complete *env-gp51* gene sequences.

MATERIALS AND METHODS {#s1}
=====================

Ethical statement
-----------------

The blood samples were collected by the Vietnam National University of Agriculture in strict accordance following the guidelines of National technical regulation on Animal diseases−General requirements for sample collection, storage and shipment (QCVN01-83:2011/BNNPTNT). Consent was obtained from the farm owners before animal sampling.

Study population and animals
----------------------------

The study population was comprised of cattle kept in three provinces, namely, Hanoi, Vinhphuc, and Bacninh, in the Red River Delta region in the Northern part of Vietnam ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.A map of the Red River Delta region showing the number of cattle (heads) sampled from three provinces involved in the present study. n, indicates the total number of cattle in each province.). The population of cattle in the Red River Delta region in 2016 was 493,100 \[[@r14]\]. The present investigation included 275 blood samples collected from either dairy or beef cattle kept on 80 farms, including 43 farms (n=168) in Hanoi, 29 farms (n=77) in Vinhphuc and 8 farms (n=30) in Bacninh between April 2017 to June 2018. The farms were selected for convenience sampling, e.g. geographical location and cooperative farms \[[@r10]\]. The farm holding less than 10 cattle was considered as small sized farm. The farm having 10 to 45 cattle was considered as medium sized farm. This present research included 53 dairy cattle farms keeping Holstein Friesian (HF), Jersey, Lai HF (Holstein Friesian and Blanc Bleu Belge cross) breed, 24 beef cattle holding Lai Sind (Vietnamese native cattle and Red Sindhi cross), Red Sindhi, Lai Brahma (Vietnamese native cattle and Brahma cross), Blanc Bleu Belge (BBB), Vietnamese native cattle and the 3 remained mixed breed farms. The animals included 241 female cattle (203 HF, 1 Yersey, 22 Lai Sind, 10 Vietnamese native, 5 Lai Brahma) and 34 male cattle (1 HF, 2 Lai HF, 23 Lai Sind, 4 BBB, 1 Vietnamese native, 3 Red Sindhi). The animals were selected based on their owner's willingness to provide the samples. At least one blood sample was collected from each herd. Age of these cattle ranged from 4 months to 9 years old.

Sample collection and serum preparation
---------------------------------------

Peripheral blood was obtained from the jugular vein with or without anticoagulant. Clotted blood samples were centrifuged for 5 min at 3,000 rpm and each serum sample was collected in 1.5 m*l* centrifuge tubes and stored at −30°C for further analysis.

Enzyme-linked immunosorbent assay (ELISA) test
----------------------------------------------

The antibody against BLV was detected by ELISA kit (JNC Inc., Tokyo, Japan) according to the manufacturer's instructions. In brief, serum samples were diluted 1:50 in diluent buffer that provided in the kit and used for ELISA assay. Subsequently, optical density (OD) values were measured by Chromate Microplate Reader (Awareness Technology, Inc., Palm City, FL, USA). The sample-to-positive (S/P) ratio was used to determine the antibody-positive sample. The sample was interpreted as positive if the value of S/P ratio was equal to or greater than 0.3 and the value of the positive control was greater than 0.6.

DNA extraction
--------------

DNA was extracted from 200 *µl* ethylenediaminetetraacetic acid (EDTA)-treated whole blood sample using QIAamp^®^ DNA Mini Kit (QIAGEN, Hilden, Germany) following the manufacturer's recommended protocol. Afterwards, the extracted DNA concentration was measured by NanoDrop^TM^ Lite Spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) and stored at −30°C until required for PCR.

Detection of BLV provirus by Nested polymerase chain reaction (nested PCR)
--------------------------------------------------------------------------

The extracted DNA samples were used as a template to detect the partial *gp51* (*env)* gene of BLV using two sets of primers previously reported by Fechner *et al*. \[[@r11]\] (External primers env5037F/env5613R and internal primers env5104F/env5526R; [Table 1](#tbl_001){ref-type="table"}Table 1.Primers used in this studyPrimer nameSequence (5′--3′)Target bandReference1. Nested PCR bovine leukemia virus *env-gp51*Env5037FTCTGTGCCAAGTCTCCCAGATA598 bpFechner *et al.* \[[@r11]\]Env5613RAACAACAACCTCTGGGAAGGGTEnv5104FCCCACAAGGGCGGCGCCGGTTT444 bpEnv5526RGCGAGGCCGGGTCCAGAGCTGG2. Sequence of nested PCR product *env-gp51*Pol4605FTCAGAGGGCGGAGAAACAC1,558 bpDao *et al.* \[[@r9]\]Env6190RGGTCAAGCATTTTATCAGGPol4794FTGGGTTCCCTGGCGTTT1,375 bpEnv6148RAAAAAGGGCTAATAGGAACAGG). External primers and internal primers resulted in the amplification of 598 bp and 444 bp DNA fragments in the *gp51* region of *env* gene, respectively. For both the first and the second round PCR, the same component of the mixture was used. In brief, each 20 *µl* reaction buffer contained 10 *µl* Buffer KOD FX Neo 2x; 4 *µl* dNTPs 2 mM; 3.8 *µl* distilled water; 0.8 *µl* of external primers mixture for the first round PCR or 0.8 *µl* of internal primers mixture for the second round PCR and 0.4 *µl* of KOD FX Neo Polymerase (Toyobo, Osaka, Japan); One *µl* of DNA (20 *n*g/*µl*) extracted from blood was added to the first round PCR and 1 *µl* of the first round PCR product was added to the nested PCR and. The conditions for the first round PCR amplification were as follows: an initial denaturation at 98°C for 1 min; 40 cycles of denaturing at 98°C for 10 sec, annealing at 58°C for 30 sec and extension at 72°C for 1 min. The reaction parameters for the second round PCR were 1 min at 98°C for initial denaturation, followed by 35 cycles of 10 sec at 98°C for denaturing, 30 sec at 70°C for annealing and 1 min at 72°C for extension. The amplification reactions were performed in a S1000^TM^ Thermal Cycler (Bio Rad Laboratories, Inc.; Hercules, CA, USA). Both rounds of the PCR products were analyzed by electrophoresis on 2% agarose gel containing Gel Red (Biotium, Inc., Fremont, CA, USA) in Tris-acetate-EDTA buffer.

Nucleotide sequence and phylogenetic analysis
---------------------------------------------

The samples, which were satisfied by both the nested PCR and ELISA tests, were further used for complete *gp51* sequencing. Two sets of primers for the nested PCR previously described \[[@r9]\] were used to amplify 1,558 bp and 1,375 bp sequences of the BLV *env-gp51* gene ([Table 1](#tbl_001){ref-type="table"}). The conditions for the first round PCR amplification were as follows: an initial denaturation at 94°C for 2 min; 40 cycles of denaturing at 98°C for 10 sec, annealing at 57°C for 30 sec and extension at 72°C for 1 min; additional cycle was run at 72°C for 10 min. The reaction parameters for the second round PCR were 2 min at 94°C for initial denaturation, followed by 35 cycles of 10 sec at 98°C for denaturing, 30 sec at 56°C for annealing and 1 min at 72°C for extension; the last cycle was done at 72°C for 10 min. The final PCR products were separated on 1% agarose gels and purified using NucleSpin^®^ Gel and PCR Clean up kit (Macherey-Nagel GmbH & Co., KG, Germany) following the manufacturer's recommendations. The purified PCR products were then sequenced with BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific) and 3130xl Genetic Analyzer (Thermo Fisher Scientific), according to the manufacturer's instructions. Obtained sequences were analyzed using MEGA 7 software \[[@r18]\].

The BLV genome sequences from Vietnam were aligned in parallel with BLV *env* sequences from each reference sequence of the eleven known BLV genotypes available in GenBank of National Center for Biotechnology Information (NCBI). Phylogenetic analysis of the partial (423 bp) and complete (913 bp) sequence of the *env*-*gp51* gene was performed using MEGA 7 software. Kimura 2 parameter model with gamma distribution (K2 + G) was found as the model with the best appropriate to analyze the BLV *env*-*gp51* gene sequences by using the "Find Best DNA/Protein Models" tool of MEGA 7. Phylogenetic trees were constructed using the maximum likelihood (ML) algorithm with the Kimura-2 parameter model of nucleotide of substitution. The reliability of phylogenetic relationships was evaluated using bootstrap analysis with 1,000 replicates.

Statistical analysis
--------------------

BLV prevalence determined by ELISA was analyzed in relation to individual level (location, breed, gender, and age) and farm level (farm scale and farm type). Chi-square (χ^2^) test of independence was used to determine the presence of significant relationship between two variables (gender and breed). All statistical analysis were performed with Excel software.

RESULTS {#s2}
=======

Detection of BLV infection by ELISA and nested PCR
--------------------------------------------------

A total of 275 blood samples collected from three provinces, including Hanoi, Vinhphuc and Bacninh, as shown in [Fig. 1](#fig_001){ref-type="fig"}, were screened for BLV infection. Of these samples, 266 were subjected to ELISA test for detecting the antibody against BLV gp51 protein and 152 extracted DNA samples were used in nested PCR as template to amplify the 444 bp fragment corresponding to a part of the env-gp51 by nested PCR.

The results of ELISA test for detecting the BLV antibody are summarized in [Table 2](#tbl_002){ref-type="table"}Table 2.Bovine leukemia virus infection in cattle in individual and farm levels as detected by ELISACategoriesNo. testedNo. positivePrevalence (%)Individual levelLocationHanoi ^a)^1592012.6Bacninh ^a)^30930.0Vinh Phuc771519.5BreedDairy cattle ^b)^1994422.1Beef cattle ^b)^6700.0GenderMale ^c)^3400.0Female ^c)^2324419.0Age≤1 year old49510.2\>1; ≤2 years old751317.3\>2; ≤3 years old741317.6\>3 years old671319.4Undetermined100.0Total2664416.5Farm levelScaleSmall sized farm611524.6Medium sized farm19842.1TypeDairy farm ^d)^532343.4Beef farm ^d)^2400.0Mixed farm300.0Total802328.8a--d) Prevalence was significantly different (a) *P*=0.0152, b) *P*\<0.001, c) *P*=0.0054, d) *P*\<0.001). b--d) There was dependency between gender distribution and breed distribution (χ^2^=90.08, *P*\<0.05); between gender distribution and farm type distribution (χ^2^=87.05, *P*\<0.05), indicating that these differences might have been caused by breed effect.. The prevalence in individual level of BLV in the research area was 16.5% (44/266) by ELISA test. Of the 159 samples collected from different farms in Hanoi, 20 (12.6%) were found positive. Of the 77 screened samples collected in Vinhphuc, 15 were antibody positive (19.5% prevalence). When compared between three provinces as mentioned above, samples collected from Bacninh indicated the highest level of BLV infection rate of 30% (9/30). There was a significant difference between dairy and beef cattle groups (*P*\<0.01). No positive sample was observed among the beef cattle group, whereas all positive cattle detected in this study belonged to the dairy cattle group. The percentage of BLV infection in the dairy cattle group was 22.1% (44/199). The prevalence between male and female group was significantly different (*P*\<0.01). Among 232 female cattle involved in this research, 44 (19.0%) were found BLV positive by ELISA. In contrast, no BLV positive cattle was found in the male group. Five of the 49 cattle (10.2%) at 1 year old or younger were positive, whereas the prevalence of BLV in older cattle was found to be higher. However, the difference was not significant (*P*\>0.05). The BLV positive proportion in farm level was determined as 28.8% (23/80). Among the two sized farm groups, 15 out of 61 farms (24.6%) in the small sized farm group had at least one positive cattle, whereas a higher positive proportion (42.1%) was observed in the medium sized group. However, the prevalence between small and medium farms was not significantly different (*P*\>0.05). BLV herd level seroprevalence was 43.4% in the dairy cattle farm. Antibody against BLV was not detected in beef and mixed breed cattle farms included in this research.

Out of 152 DNA samples tested by nested PCR, 444 bp *env-gp51* fragment was yielded in 32 samples (21.1%).

Phylogenetic analysis of partial and complete sequences of BLV env-gp51 of Vietnamese strains
---------------------------------------------------------------------------------------------

The BLV *env-gp51* gene (913 bp) sequence of the representative BLV Vietnamese strains identified in the present study were submitted to DDBJ/EMBL/Genbank databases under accession numbers LC512445 to LC512452.

The partial *env-gp51* gene sequence (423 bp) of Vietnamese isolates were aligned in parallel with 53 corresponding sequences from all of the 11 BLV genotypes available in GenBank. Thereafter, a ML phylogenetic tree based on Kimura-2 model of nucleotide substitution with gamma distribution (K2 + G) was constructed ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.A maximum likelihood (ML) phylogenetic tree built based on the nucleotide sequences of the partial BLV *env*-*gp51* gene (423 bp) from Vietnam and strains representing all known BLV genotypes. BLV strains identified in this research are indicated by filled triangles and the remaining strains are shown by country name and GenBank accession number. All genotypes are indicated by vertical lines with the symbol "G". The numbers at the branches show ML bootstrap support values. The bar at the bottom of the figure denotes the distance. The tree was rooted on G5.).

The phylogenetic tree of the *env*-*gp51* gene revealed that Vietnamese isolates belonged to genotypes 1, 6 and 10, supported by high bootstrap value ≥96 for each group ([Fig. 2](#fig_002){ref-type="fig"} and [Supplementary Fig. 1](#pdf_001){ref-type="supplementary-material"}). Genotype 1 was dominant among the samples analyzed in the present study. Two isolates from Bacninh province (LC512450, LC512451) and one isolate from Hanoi (LC512449) were assigned to genotype 6 with the supporting value of 96 in ML analysis ([Supplementary Fig. 1](#pdf_001){ref-type="supplementary-material"}). The Vietnamese G6 strain (LC512449) belonged to the subgenotype G6e. Remarkably, two G6 genotype isolates from Bacninh (LC512450, LC512451) were grouped into an independent branch which also included G6f strains. This subgrouping is supported by bootstrap value ≥65 ([Fig. 2](#fig_002){ref-type="fig"}). Noticeably, the phylogenetic analysis revealed the existence of genotype 10 in Vietnamese cattle and Vietnamese strains were found genetically more closely related to the strains circulating in Thailand.

In order to confirm the genotyping results found in 423 bp *env-gp51* gene sequences analysis, we performed another phylogenetic analysis based on complete *gp51* gene sequence (913 bp) of Vietnamese isolates and corresponding sequences from ten BLV genotypes (genotype 11 strains were not included) ([Supplementary Fig. 1](#pdf_001){ref-type="supplementary-material"}). The ML phylogenetic tree based on complete *gp51* gene sequence was consistent with that of the partial *env-gp51* sequences, i.e., the Vietnamese BLV strains were clustered into genotypes 1, 6, and 10.

Nucleotide and amino acid substitutions of BLV env-gp51 in Vietnamese strains
-----------------------------------------------------------------------------

Partial *env-gp51* nucleotide sequences (423 bp) from the seven typical Vietnamese strains were aligned with that of the reference G1, G6 and G10 strains ([Supplementary Fig. 2A](#pdf_001){ref-type="supplementary-material"}). Twenty-nine substitutions were identified in our obtained sequences. Of these substitutions, 23 were silent and the others were nonsynonymous substitutions (indicated by numbers and black filled triangles in [Supplementary Fig. 2A](#pdf_001){ref-type="supplementary-material"}). The six nonsynonymous substitution sites consisted of residues 106 (nt 317), 133 (nt 397), 143 (nt 428), 144 (nt 431), 177 (nt 529), and 189 (nt 566). Our BLV strain grouped in subgenotype G6f shared a unique nonsynonymous substitution, which was distinguished from the other G6 subgenotypes, in the third base of residue 189 (nt 566) with two subgenotype G6f strains from Vietnam and China. The alignment of nucleotide sequences revealed the existence of genotype-10-specific amino acid substitutions at residues 106 (nt 317), 133 (nt 397), 143 (nt 428), 144 (nt 431), and 177 (nt 529) in Vietnamese strains.

To provide greater insights into the effects of nucleotide substitutions found in Vietnamese BLV strains, alignment of deduced amino acid sequences of the seven partial *env-gp51* sequences of the representative genotype 1, 6, and 10 strain sequences were performed. As shown in [Supplementary Fig. 2B](#pdf_001){ref-type="supplementary-material"}, we found one substitution in the neutralizing domain 1 (ND1) (97--106), one in the CD4+ T cell Epitope (84--113), three in the neutralizing domain 2 (ND2) (131--150), two in the zinc binding zone (ZB) (137--156), one in the CD8+ T cell Epitope (154--183) and two in the E Epitope region (175--194). However, G Epitope, neutralizing domain 3 (ND3) and B Epitope in all the Vietnamese strains were found fully conserved.

DISCUSSION {#s3}
==========

Prevalence of BLV infection differs among countries. Epidemiological and molecular studies on BLV have been increasing worldwide, however, very few attempts have been conducted to investigate BLV infection in Vietnam. In the present study, 275 cattle sampled from 3 provinces in the Red River Delta Region of Vietnam were screened for BLV prevalence and 31 Vietnamese isolates were characterized.

Our results demonstrated that the percentage of BLV infection in Vietnam was 16.5% as determined by ELISA tested and 21.1% by nested PCR. Different prevalence rates were observed according to the cattle breeds and gender. BLV seroprevalences of male and female cattle were significantly different (*P*\<0.01). Dairy cattle had a greater prevalence of BLV (22.1%) compared with beef cattle in Vietnam (*P*\<0.01). Similarly, the number of BLV-infected dairy farms compared with BLV-infected beef breeding farms was significantly higher (*P*\<0.001). However, our statistic analysis suggested that there was dependency between gender distribution and breed distribution (χ^2^=90.08, *P*\<0.05*)*; between gender distribution and farm type distribution (χ^2^=87.05, *P*\<0.05), indicating that these differences might have been caused by breed effect. Interestingly, no serological positive sample was found in beef cattle (predominant breed, Lai Sind) suggesting that dairy cattle in Vietnam were more severely affected by BLV infection than beef cattle. Similarly, in the previous studies, higher BLV prevalence within dairy cattle was observed when compared with beef cattle \[[@r4], [@r5], [@r16], [@r23], [@r25], [@r26], [@r42]\]. This phenomenon may be explained by the association between breed and genomic factor playing a role in the susceptibility of cattle to BLV infection \[[@r42]\]. Besides, the difference of the BLV infection prevalence in dairy and beef cattle farm type may have been caused by distinct in husbandry practices \[[@r25], [@r42]\]. Considering the feeding calves by pooled colostrum and milk, sharing milking machine among cows, and shorter keeping time of fattening beef animals may be the factors that caused difference of BLV infection between dairy and beef cattle in Vietnam.

BLV induces a persistent infection in cattle and higher prevalence within older cattle has been observed \[[@r41]\]. It is possible that the older cattle have potentially been infected with BLV for a long period. Although we found that older cattle had a higher prevalence of BLV infection compared with younger animals (≤ one year old), the difference was not significant.

Our data showed that BLV infection was widespread in cattle population in whole research area, particularly in Bacninh province (30.0%, 9/30) that had significantly higher infection rate than Hanoi (12.6%, 20/159). However, the difference may be caused by breed effect whereas all cattle in Bacninh province were dairy cattle (data not shown).

The BLV infection percentage in Vietnam was higher than that of the other neighboring countries, such as Philippines (9.7%) \[[@r32]\], Myanmar (9.1%) \[[@r31]\] and Cambodia (5.3%) \[[@r24]\]. Whereas, the BLV infection percentage in Vietnam was lower than the results observed in other Asian countries such as China (49.1%) \[[@r42]\], Korea (54.2%) \[[@r19]\], Thailand (58.7%) \[[@r20]\] and Japan (73.3%) \[[@r29]\]. Varieties in the percentage of BLV infection are likely to occur among countries and areas within the same country. A most recent research related to BLV in Vietnam published in 2019 indicated that BLV prevalence circulating among small and medium holding farms in the North of Vietnam was 35.48% as determined by both ELISA test (targeted gp51) and real time PCR (targeted the BLV *pol* and *tax* gene) \[[@r9]\]. The prevalence of BLV infection observed in this study may not represent the actual prevalence of BLV in the studied locations because the samples were not collected randomly. However, the present research provides evidence that BLV infection in Vietnamese cattle is endemic.

The samples satisfied by both ELISA and nested PCR test were further used for sequencing to determine their genotypes. Three genotypes 1, 6, and 10 were identified in this study. Recent phylogenetic studies using BLV *env* gene sequences from the isolated strains have demonstrated the existence of 11 genotypes distributing worldwide. Genotype 1 is the most dominant genotype distributing worldwide including the United States, South American countries, Asian countries, and Australia. In the present study, genotype 1 was confirmed in total of 28 BLV isolates (90%, 28/31). Thus, genotype 1 is suggested to be the predominant genotype in Vietnam. The same result was also obtained in the previous research \[[@r9]\].

Phylogenetic analysis of the partial or complete sequence of the *env-gp51* gene indicated the existence of six subgenotypes or subgroups within BLV genotype 6: G6a, G6b, G6c \[[@r32]\], G6d, G6e \[[@r13], [@r20]\], and a recently designated subgenotype G6f \[[@r9], [@r43]\]. Two Vietnamese BLV isolates (LC512450, LC512451) from the present research were clustered into subgroup G6f with the reported subgenotype G6f strains (GenBank accession numbers: KU764766, KU764759, KU764749 and MF817721) identified in the recent studies of Vietnam and China \[[@r9], [@r43]\]. Three strains (KU764766, KU764759, KU764749) were assigned as subgenotype G6e in the previous research \[[@r43]\]. However, the results of our phylogenetic analysis based on 423 bp of *env-gp51* suggested that these strains should be clustered into subgenotype G6f rather than G6e, supported by bootstrap value of 65 in ML analysis ([Fig. 2](#fig_002){ref-type="fig"}).

The existence of genotype 1 and 6 was reported in the recent study about BLV circulating among small and medium holding cattle farms in the North of Vietnam \[[@r9]\]. Interestingly, in the present research, we identified an additional genotype 10, bringing together, the total number of confirmed BLV genotypes in Vietnam into three. BLV infection may be diverse in Vietnam, not only restricted in genotype 1 and 6 as found in the recent research \[[@r9]\]. However, an only limited number of sample was identified as genotype 10 (one strain isolated in Vinhphuc province).

Interestingly, G6 and G10 are suggested to be separated in phylogenetic tree, constructed based on the complete BLV *env-gp51* (913 bp) than that of the shorter sequence (423 bp) ([Fig. 2](#fig_002){ref-type="fig"} and [Supplementary Fig. 1](#pdf_001){ref-type="supplementary-material"}).

Remarkably, our phylogenetic tree also revealed that Vietnamese BLV isolates of genotype 6 and 10 was genetically more closely related with the BLV 6 and 10 strains circulating in Thailand. Genotype 10 was first reported in Thailand \[[@r20]\]. Moreover, Vietnam imported live cattle from Thailand in order to supply the growing demand for meat consumption and breeding \[[@r6]\]. The importation of BLV-infected animals has been considered as the main source of BLV introduction \[[@r8]\]. Therefore, we hypothesize that Vietnamese cattle may have been infected by BLV which came from outside Vietnam and then subsequently transmitted throughout the domestic cattle population.

The identification of 29 nucleotide substitutions of BLV Vietnamese strains were confirmed by analyzing of partial BLV *env-gp51* sequences, 23 of which were silent substitutions, and 6 were amino acid substitutions. Nucleotide substitutions were observed at residues 106 (overlapping ND1 and CD4+ T cell Epitope), 133, 143, 144 (between the second ND and overlapping of ND2 and ZB), 177 (overlapping CD8+ T cell Epitope and E Epitope) and 189 (between E Epitope). Thus, all of the amino acid changes occurred within epitope regions. This result was consistent with previous findings that most amino acid substitutions in *env-gp51* were found within epitope regions rather than at the random locations \[[@r37], [@r44]\]. Alignment of partial BLV *env-gp51* showed a unique nucleotide and amino acid substitution (189-nt 566) to subgenotype G6f ([Supplementary Fig. 2B](#pdf_001){ref-type="supplementary-material"}). Nevertheless, the biological functions of that substitution in the E Epitope was unraveled.

Amino acid substitutions were found in overlapping CD4+ T cell Epitope and ND1 (106), ND2, overlapping ND2-ZB (133, 143, 144) and overlapping CD8+ Epitope and E Epitope (177) in the Vietnamese genotype 10 strains. These substitutions have also been previously observed in other BLV genotype 10 strains showing the specific characteristics of this genotype \[[@r20], [@r31]\].

Although a limited number of samples from three provinces was analyzed in the present study, both serological (ELISA) and molecular (nested PCR) analysis demonstrated the existence of BLV infection in cattle kept in Vietnam. Based on genetic analysis of the partial (423 bp) and complete (913 bp) BLV *env-gp51* gene of the Vietnamese isolates, the present study revealed the existence of three genotypes 1, 6, and 10 in Vietnamese cattle population. Additionally, phylogenetic analysis indicated a close relationship between Vietnamese strains and BLV genotypes 1, 6, and 10 strains circulating in Thailand. The present research provides important information about BLV infection levels and genetic characteristics of Vietnamese strains. A comprehensive screening in the larger location should be conducted. More attention and providing supplementary information of BLV is also required to establish and implement an effective preventive method to eradicate BLV infection in Vietnam.
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